INTRODUCTION: Pregnancies conceived after heterologous oocyte/embryo donation present a unique opportunity for understanding the biology of gestations in which there is a semi-allograft (ie, homologous embryo donation) vs a total allograft when the oocyte of the embryo does not share genetic material with the mother. 1 Studies in fetal growth have focused on the effect of maternal characteristics (eg, age, anthropometric features such as maternal height and body mass index [BMI] , etc) on fetal size and growth in the second and third trimesters. 2 These factors are thought to play a less important role in determining changes in fetal bodily dimensions in the first trimester (ie, crown-rump length [CRL] ).The objective of this study was to determine whether there are differences in CRL in conceptuses resulting from homologous vs heterologous oocyte/embryo donation. This study design will allow us to determine whether the changes reported in fetal size and growth after assisted reproductive techniques (ARTs) are attributable to maternal age, immunological nature of the pregnancy (semi-allograft vs allograft), or other factors.
STUDY DESIGN:
This was a retrospective cohort study of consecutive women with pregnancies conceived through by in vitro fertilization (homologous or heterologous oocyte/ embryo donation) who underwent a first-trimester scan at a single tertiary referral center from 2010 to 2014. A total of 789 fetuses conceived with in vitro fertilization were included in the analysis: 643 (81.5%) with the use of homologous oocytes (group 1) and 143 (18.5%) with the use of heterologous oocyte/embryo donation (group 2). We excluded pregnancies with an abnormal karyotype, fetal structural anomalies, and monochorionic twin pregnancies, as this may affect fetal growth. Pregnancies were dated precisely by use of the information from the day of oocyte aspiration. Fetal biometric parameters, as well as maternal and paternal, were collected (eg, maternal and paternal age, maternal BMI, parity, ethnicity, oocyte age, CRL percentile, and nuchal translucency >95th percentile). CRL always was evaluated by standard methods, by a single operator during the first-trimester ultrasound screening (11e13 weeks). For the purposes of the study, CRL and nuchal translucency were corrected for gestational age and converted in percentiles according to published reference ranges.
KruskaleWallis rank sum test was used to compare the variables between the different ART groups. Multivariate analysis was performed to assess the relative role of maternal factors, oocyte age, and whether homologous vs heterologous genetic material could affect early fetal size determined by CRL. In particular, to account for the presence of twins in our data, multiple linear mixed-effects model analysis was performed.
RESULTS:
The median CRL was significantly smaller in group 1 than in group 2 ( Figure 1 ) (P < 0.001). Despite the fact that maternal age was significantly greater in group 2 (P < 0.001) and oocyte age was significantly lower (P < 0.001) than in group 1 in univariate analysis, after we adjusted for confounders in multivariate analysis, CRL was not influenced by these parameters ( Table 1 ). The most significant result that influenced the CRL percentile in the final model was the type of ART (P < 0.001, B ¼ 14.98, 95% confidence interval 7.69e22.27), whereas there was no significant correlation between CRL percentile and oocyte age (P ¼ .206). Finally, there was a significant inverse correlation between CRL and maternal BMI (P ¼ .0206; B ¼ e0.655, 95% confidence interval e1.193, e0.117, as well as positive correlation between CRL and parity (P ¼ .0472, beta ¼ 5.359) ( Table 1) .
CONCLUSION: CRL median percentile is significantly lower in ART pregnancies conceived with homologous oocytes 
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ajog.org compared with those conceived with oocyte/embryo donation. CRL is modified by maternal BMI and parity. At the start of our study, we assumed that the possible maternal immunologic reaction 3 to a fetus who does not share genetic material with the mother could influence the wellbeing of the embryo and, consequently, its size 4 ; however, our findings argue against this hypothesis. Indeed, having found larger CRL values in group 2 does not confirm our initial hypothesis. A number of studies report that oocyte quality affects embryo development and its potential for implantation and healthy pregnancy. 5 Women who opt for egg donation are generally of advanced maternal age, which is a common factor implicated in infertility. Our study shows that there is a significant difference of CRL among embryos derived from homologous gametes of subfertile couples compared with those obtained by oocytes/embryo donation from young donors. Nevertheless, we present evidence that oocyte age does not affect fetal size measured by CRL. Devies et al 6 introduced the concept that a long time-to-pregnancy is a risk factor for birth defects that previously have been attributed mainly to ART by other authors as well. Much similarly to what has been suggested by Devies et al, according to us, the status of subfertility of a couple also may prove to be a risk factor for a smaller CRL, and it has been established previously as a causal pathway for pre-eclampsia as well.
There is a paucity of data on the role of maternal BMI on early fetal size, although many studies have so far confirmed the negative impact of high BMI on fetal wellbeing. Our study was not designed primarily to address this question. Because obesity has been associated with increased oxidative stress, it is possible that this may be a factor in altering fetal size. Similarly, an elevated maternal BMI may lead to poor-quality oocytes. Thus, it is possible that changes in early fetal size measured with CRL reflect lipotoxicity. Multiple linear mixed-effect models were built with CRL percentile as explanatory variable and incorporating as the fixed effect the following variables: maternal and paternal age, body mass index, parity, assisted reproductive techniques type, oocyte age, and nuchal translucency >95 percentile. As random effects, a variable was included to account the within-subject variability (one factor for each twin pair, for each other individual different factors).
95% CI, 95% confidence interval; CRL, Crown-rump length.
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